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cannot see the reason for separating the one from the other. All
those which I found associated with serpentine appeared to be much
more highly altered than would be likely in rocks of this age.
Indeed, the condition of the admittedly Triassic rocks of the Enga-
dine justifies us in assigning to all these schists a much greater
antiquity than any part of the Mesozoic period. With our present
knowledge extreme caution is doubtless required in drawing an in-
ference as to the age of a rock from its state of metamorphism. At the
same time all the evidence which we possess points to the conclusion
that extensive regional metamorphism has only taken place in rocks
of great geological age, and that the current statements about highly
altered Secondary and even Tertiary rocks in the Alps are in many
cases certainly erroneous, and in all need confirmation. Thus, in
the case of these Alpine schists, which as a rule are more highly
altered than any rock in Britain known to be of Cambrian or Post-
Cambrian age, I should agree with some of the more modern Conti-
nental geologists in regarding them as very old and possibly Pre-
Cambrian. While then we may be quite certain of the origin of
these serpentines, we have very wide possible limits for their geo-
logic age.

III.—NOTES ON THE OCCUKRENCE OP STONE IMPLEMENTS IN THE
COAST LATEKITE, SOUTH OF MADRAS, AND IN HIGH-LEVEL
GRAVELS AND OTHER FORMATIONS IN THE SOUTH MAHRATTA
COUNTRY.1

By E. BRUCE FOOTE, F.G.S., Geological Survey of India.

IN June, 1868, I had the honour to read before the Geological
Society of London a paper on the occurrence of Chipped Stone

Implements in beds of conglomerate and in various non-compacted
gravels belonging to the Lateritic Series, which fringes the greater
part of the Peninsula of India. The district within which imple-
ments had then been discovered in the coast laterite extended from
the Palar river near Madras, nearly up to the Kistna river, but none
from the country south of the former river, though it was surveyed
as far south as 12° 15" subsequently to the discovery of the imple-
ments at Palavaram and Attrampakkam. Since then it has fallen to
my lot to run over part of the lateritic beds north and south of the
Cauvery delta, and I had the good fortune to find palaeolithic imple-
ments at several places in the Trichinopoly, Tanjore and Madura
districts.

The lateritic formations of the south, like those occurring further
north, form a widely-spread but thin series of conglomerates, gravels
and sands, divided by the existing rivers into a number of irregular
patches overlying the older rocks, whether gneissic, Cretaceous or
Tertiary, and dipping themselves under the marine and fluviatile
alluvia which fringe the coast. They have been extensively denuded,
particularly along their western boundary; outliers of them being
traceable many miles to the west of the present boundary.

1 This paper has, since the original was read at the British Association, Swansea,
been in part re-written, and some additional matter of interest has been added to it.
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In the paper just referred to I gave also an account of similar
implements found by myself and others, associated with similar more
or less lateritic gravels lying at far higher levels and much further
inland than any part of the coast laterite series, and I can now add
considerably to the list of localities where such high-level implement-
bearing beds occur.

The best substitute for flint occurring in Southern India is fine-
grained quartzite, of which material an unlimited supply was easily
obtainable in the regions round about and to the northward of Madras ;
and implements made of this stone are in many places to be found
in very considerable numbers on the surface of the lateritic beds,
from which they have been weathered out. To the south of the
Palar river, however, no quartzite is to be found in situ, and as
derivative shingle it is of great rarity, and, as was to be expected,
the implements were found to be made of other materials, and to
occur in very small numbers. As in the more northerly implement
beds formerly described, the presence of the implements themselves
constitutes the only evidence, hitherto obtained, of the existence of
paleolithic man. No other indications of organic life of any sort or
kind were seen in the lateritic bed, though most carefully sought for.
A solitary rolled fragment of bone, which Professor Boyd Dawkins
considers to be part of a human tibia, was found by me, associated
with the typical implement bed at Attrampakkam, near Madras, but
I am not quite positive that it was absolutely in situ. From the
position in which it was situated I judged it to have been exposed
by weathering, but it might possibly have been lodged there by a
flood.

As the number of implements found in the region south of the
Palar is very small, I will enumerate the localities where I met
with them in geographical sequence from north to south.

1. Ninnyur, about forty miles N.E. of Trichinopoly. Here I got
two implements among the debris of the western edge of the Wodiar-
palliam laterite plateau, which there rests on the Upper Cretaceous
rocks, so well described by Mr. Henry F. Blanford in the Memoirs
of the Geological Survey of India. Of these two implements one,
which is of the sharp-pointed type, appears to be made of a form of
chert, but is too thickly covered with a ferruginous glaze to admit
of positive determination of the component material; the other,
which is probably referable to the oval type, but has one end broken
off, is made of a pale yellowish-drab cherty rock.

2. Valiant, seven miles W.S.W. of Tanjore. On the rising ground
about three-quarters of a mile E.S.E. of the old fort I found several
large but rather rude flakes, two of which were impacted in the hard
lateritic conglomerate, and had to be broken out with a hammer.
They are formed of a kind of chert, bearing considerable resemblance
to the material of which the second Ninnyur implement is made, and
very like also to some remarkable masses of chert of Upper Cretaceous
age, which occur in the mottled grits belonging to the Cuddalore
series, and are exposed in the moat at the N.E. corner of the old
fort at Vallam. Besides the flakes I got also a large chert thumb-
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scraper, a form which had not been found when I read my papers
to the Geological Society of London, and to the Congress for Pre-
historic Archaeology at Norwich, in 1868, and which, so far as I am
aware, has not been described as yet occurring in India. This scraper
has beeu considerably waterworn and rolled.

3. At Shuragudi, sixteen miles south of Fudukotai, on the boundary
between that native State and the Madura Collectorate, I found what
I believe to be of the broad hatchet t3'pe. It is very rudely made
of coarse granular quartz rock, which occurs in great beds in the
gneiss and forms several conspicuous ridges in the country N.E. of
Madura. Despite its extreme radeness this implement shows such
manifest marks of design that I cannot help regarding it as being
bnna fide of human workmanship. It occurred in lateritic debris
close to the edge of a great spread of typical laterite.

4. At Madura, in a coarse lateritic gravel, on high ground about
half a mile north of the Vygay river, forming what appears to be
an outlier of the regular laterite occurring at no great distance to
the east, I found two or three rude implements of the oval type;
these were also made of the coarse granular quartz-rock above
referred to, great beds of which form the very bold and lofty
Allagiri (hill) some miles to the north.

It is not possible to tell, from the appearance of these southern
implements, whether they were made like the great majority of those
found further to the north, from well-rolled pebbles of large size, or
whether they were shaped out of angular fragments of the rock
broken off for the purpose.

Besides the implements now described, I obtained three other
forms all made of chert that has not yet been found in situ in this
region. The three forms are a small flake like an arrow-head in
shape, a true core, and a singular shaped flake used perhaps both as
knife and scraper, but with one of the cutting edges distinctly
serrated. This last form was found in a river gravel, younger than
the adjacent true laterite, a little to the south of Tripatur in the
Madura district. The arrow-head and core were found on the surface
some miles to the northward, not among lateritic debris. The core
is the first perfect one found by me, and I believe the first that has
been found south of Central India.

I may here mention, that during my work in the northern half of
the Nellore District (in 1875-77), I came across various previously
unknown lateritic beds in the valleys of the Penneru and Maneru
(rivers), containing implements of nearly all the more southern, or
as I may for brevity call them the Madras types, but beside these
also several true scrapers. All these were made of quartzite, and
differed from the Madras types only in being generally of ruder
workmanship.

The implements obtained from the high-level gravels in the
Deccan were all made of quartzite derived from the great quartzite
beds of the younger metamorphic series locally termed the Kaladgi
series, which is the equivalent of the Kadapa series on the eastern
side of the Peninsula. The gravels themselves occur at various
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levels, some being cut through by existing rivers, others lying far
above the present stream beds.

The best examples of the former I found in the banks of the
Malprabha and the bed of the Bennihalla, its principal tributary,
some forty miles S.W. of the junction, of the former river with the
Kistna. Here, in beds of coarse quartzite shingle cemented by
kankar or calcareous tufa, I found many fine, well-shaped, mostly
large-sized implements, all of the Madras types. Some very good
implements of large size I obtained from another highly calcareous
shingle bed, twenty miles further up the bed of the Malprabha. All
these implements had been carried but very small distances, as they
show little or no signs of attrition, but they were unaccompanied by
the numbers of imperfect specimens, flakes, and chips, which charac-
terize sites of manufacture. The quartzite from which they were
made was the same kind as that occurring in the great beds at the
base of the Kaladgi series, which are well exposed in the great scarp
forming the southern boundary of the Kaladgi basin, which here
runs closely parallel with the Malprabha river for a long distance.1

The other series of gravels occurring at levels never attained by
the highest floods of the existing rivers are to be met with at
several places north of the great scarp just mentioned, dotted about
over the level parts of the Kaladgi basin. Some of these gravels
I am inclined to regard as of lacustrine origin ; such, for example, is
that at Tolanmutti north of the G-hatprabha river.

The very fine series of implements 2 found in the South Mahratta
country was exhibited by me at the Vienna Exhibition in 1873, and
attracted much notice; I afterwards presented it to the Indian
Museum in Calcutta.
* In another formation also, but of very different character from the
laterites and gravels hitherto noticed, I was fortunate enough to
discover implements when surveying in the South-western Deccan
in 1870. This was a great talus of angular and rounded blocks of
limestone and trap compacted in parts by a calcareous cement, which
occurs along the foot of a line of low hills of shale capped with
limestone overlaid by a bed of the Deccan Trap, on the left bank of
the Kistna river near Agani (Uguni), some twelve or fifteen miles
west of Soorapoor. Here, exposed in rain-gullies cutting into this
breccia-conglomerate talus, I found several large and well-shaped
implements of the pointed oval type, and remarkable for their being
made of compact, hard and rather siliceous limestone. This lime-
stone is the best material for the manufacture of implements to be
found in the immediate neighbourhood. These implements I also
exhibited at Vienna in 1873, and they are now in the Indian Museum
in Calcutta.

The only other chipped implement beside the above, not made of
1 For a fuller description of these beds see my Memoir on the South Mahratta

Country in the Memoirs of the Geol. Survey of India, vol. xii. p. 241.
2 Together with these I exhibited a small but very interesting series of Neolithic

implements from the Salem, Iiellary, and Kaladgi districts, which are also now in
the Calcutta Museum.

DECADE II.—VOL. VII.—NO. XII. 35
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quartzite, that I found in the South Mahratta country was a well-
made thin leaf-shaped flake, made of a chert strongly resembling the
intertrappean chert rock capping the " One-tree-hill" at Shellugi, to
the S. S. E. of Bijapur, which I have described in my Memoir on the
South Mahratta Country.

I V . — A N A L Y S I S OF M O A E G G - S H E L L .

By PROF. A. LIVERSIDGE, F.C.S., F.G. S., University of Sydney.

Read before the Philosophical Institute of Canterbury, Xew Zealand, August, 1850.

I AM indebted to the kindness of Dr. Julius von Haast, F.B.S.,
Director of the Canterbury Museum, New Zealand, for the

specimen which is the subject of this note. The little packet of frag-
ments was labelled Moa Hunter, Kitchen Midden Sandhills, near
Moa Cave, Point Surnner, New Zealand.

All the fragments appeared to be more or less weathered, and the
edges, except where freshly fractured, were smooth and rounded,
and their general appearance seemed to indicate that they had been
subjected either to the action of blown sand or to that of water
charged with carbonic acid gas ; both influences may of course have
been at work together.

The fragments were all very brittle ; the fractured edges plainly
showing, without the aid of a lens, the presence of two distinct
layers in most of the fragments; the inner or concave layer, i.e. the
one facing the interior of the shell, having a pale brown colour,
the middle portion being quite white, whilst the outer surface of the
shell presented a pale tint of brown ; judging from the different
depths of tints, the varying thicknesses, and appearance, the pieces
were apparently fragments of several different shells.

It is unnecessary for me to give any account of the microscopical
structure of the shell, since that has been so ably done by Prof. P.
W. Hutton, of Canterbury College, New Zealand (vide Transactions
of the New Zealand Institute, vol. iv. p. 16G).

The pores are readily seen to penetrate right through the sub-
stance of the shell, on account of the brown-coloured matter which
most of them contain; some appear to penetrate only to a certain
limited distance; but this is because the direction of the pores is
not straight, and a portion of their length is cut off in the section ;
their apertures are visible on the inside of the shell as well as on
the outside; the outer openings, however, are considerably larger and
are funnel shape—many of these pores can be seen to pass through
from side to side by the unassisted eye.

The middle portions of the egg-shell are shown to be of softer
material than the two surfaces, since most of the weathered pieces
show a groove running along the edges.

On ignition all the pieces of shell experimented upon blackened,
and emitted an ammoniacal odour, thus plainly showing that they had
by no means lost the whole of their organic matter, and on dissolving
portions in acetic acid flocculent particles of organic matter were
left floating in the solution ; this organic residue, was collected, and
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